



values' aid the diagnostic indusny. lr could be argued
thar me age- and gender-specific monality rare crirerion
for disease should be replaced by me corresponding
morbidity rares. In omer words, a quality-of-life insread
of a length-of-life crirerion should derennine whar is
nonnal and whar is nor. However, how does one mea-
ure morbidity? How doe one compare, for instance,
me common cold wim leukaemia? lr is me risk of death
mar derennines our subjective weighting of morbidity.
Age- and gender-specific mortality rares, therefore,
sari fy the de ire for a morbidity-based defmirion of
disease wimour being raurologous.
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Exercise and the gastro-intestinal tract
J. P. WRIGHT
Abstract ApproxiInately 50% of athletes will develop gastro-
intestinal syITlptoms at SOITle stage in their
careers. These range in severity from heartburn to
gastro-intestinal bleeding. Fortunately symptOITlS
are usually ITlild and inconvenient, but in certain
individuals they can be incapacitating. It is impor-
tant to exclude the IIlore common gastro-intestinal
conditions before diagnosing exercise-related syn-
dromes. However, once such a diagnosis has been
made, therapeutic options are limited.
The physiological role of the gastro-intestinal
tract in fluid and energy replaceITlent is increas-
ingly being recognised. Without adequate replace-
IIlents, perfor=ance ITlay be liInited. The volUII1e
of fluid ingested during endurance events needs to
be liInited to actual requirements; 500 I01Ih is the
average. Greater volUII1e intake may be associated
with overhydration and hyponatraemia. Glucose
suppleITlentation is essential for adequate
perfor=ance in events of 2 - 3 hours' duration or
longer. Studies of hyperosITlolar carbohydrate
solutions and their influence on energy and fluid
emptying from the stomach suggest that higher
carbohydrate concentration solutions than those
often used by athletes may be advantageous.
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~
_ 'VONE who has had me pleasure of partaking in
equestrian spons will know the effecr of relatively
mild exercise on me horse's gastro-inrestinal sys-
rem. In man, cardiovascular and respirarory limitations
on perfonnance and me value of cardiovascular training
in improving performance in aerobic sports is well
recognised. The role of me gastro-intestinal tracr, bom
as a limiting and sustaining facror in aerobic exercises, is
less well appreciared.
Gastro-intestinal symptoms
The spectrum of gastro-intestinal effecrs of exercise is
wide (Table I), and ranges from me unlikely observation
mat swallowing decreases oxygen saturation in patiems
wim chronic obstructive airways disease' and, by infer-
ence, in exercising athleres, 10 the more serious rectal
bleeding mat may be due 10 ischaemic boweL'
The symproms experienced by marathon runners are
well known,' with over 50% of runners ar some srage of
meir careers reporting an urge [Q defaecate and jusr
under 50% actually passing srools ar leasr once while
running (Table II). Abdominal cramps and anorexia are
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almost as common. The apparem high frequency of
these symptoms does not necessarily reflect the experi-
ence of each runner at each race, as shown in a srudy
where only I out of 86 patients actually complained of
diarrhoea' (Table III). More serious, however, was the
discovery of occult blood-positive stool in 13% of the
patients in this larrer srudy. This did not appear to be
related to the· amount of training the runners had under-
taken or the duration of their running experience. If
blood loss is so common, what is the cause of this dra-
matic symptom? A number of causes of occult blood in
the faeces have been suggested, including traumatic
damage caused by shaking of the bowel, a gastritis re-
lated to the stress of the exercise, and gut ischaemia.
Splanchnic vessel constriction has been shown to occur
in runners during intense exercise with visceral blood
flow decreasing by 20 - 30% of resting values." This
decrease in blood flow appears to be related to exercise
intensity and was unrelated to the fimess of the subjects.
Although this would explain the positive occult blood
tests in experienced as well as inexperienced athletes' it
is unlikely that splanchnic ischaemia would cause
mucosal ulceration and blood loss. The relationship
between exercise and splanchnic ischaemia is complica-
ted by the observation that stressed baboons who are
exercised experience a greater decrease in splanchnic
blood flow than normal baboons do when exercised.'
TABLE 11.
Ove~all experience of gastro-intestinal symptoms in
119 marathon runners'
Feel need to defecate 54%
Pass stool 44%
Diarrhoea 26%





History of gastro-intestinal symptoms in 63 marathon
runners'
Previous Current
No. % No. %
Macroscopic bleeding 2 3 0 0
Nausea/vomiting 12 20 7 12
Abdominal pain 16 27 3 5
Diarrhoea 25 42 1 2
Other 32 54 10 17
Imestinal blood loss is one of the possible causes of
'runner's anaemia', but haematuria, haemolysis and
reduced erythropoiesis analogous to a chronic disorder
anaemia have also been implicated.'
Reflux symptoms were reported in 11 % of marathon
runners.' This contrasts with the 20% of patiems with
reflux who report that their symptoms become worse
with exercise.· The reasons for this are not clear.
Delayed gastric emptying associated with high fluid
volume intakes and, in the case of cycling, a position
designed to potentiate reflux, may all be important fac-
tors. The usual advice is to run on an empty stomach
and observe routine anti-reflux measures.
Gastric emptying and exercise have been known to
be related for many years. In 1833 William Beaumont
commemed that mild exercise hastened and severe exer-
cise slowed gastric emptying. 7 This essentially sum-
marises our knowledge to date.' Exercise does not
appear to have a marked effect on gastric secretion. In a
study of two groups of athletes who exercised for
between 45 minutes and 75 minutes after taking a meal,
there was no change in the acid secretion of the athletes
compared with the controls.' Thi is in direct contrast to
a srudy on dogs \vith Pavlovian pouches. I. In these ani-
mals, ga tric mucosal blood flow and acid secretion
dropped quite markedly during exerci e on a treadmill.
Pathological gastric conditions may be produced in
animals by forced exercise. In a srudy where rat were
exercised for three 45-minute periods with 15-minute
rest periods in between, all of them developed gastric
ulcers." The relevance of this to humans is uncertain.
There appears to be no data on the incidence of peptic
ulceration in exercising athl t s.
The effect of marathon running on bowel motility
has also been difficult to understand. An initial increa e
in gastric motility appears to be followed by a reduction
as the time and severity of the exerci e increase. An
increased frequency of defaecation in marathon runners
has been attributed to the possible effects of a high-fibre
dier." This change in fibre imake was also thought to
account for the tendency of exercise to normalise bowel
function, bringing those who were constipated or had
diarrhoea back towards a normal stool." These changes
in bowel function might be due to shaking of the sig-
moid colon with more frequent emptying of the bowel,
rather than a true decrease in intestinal transit time.
This observation has resulted in three patterns of bowel
function being recognised: (1) an early bowel action
when starting exercise; (h) the diarrhoea that ome ath-
letes develop as they near exhaustion; and (iil) the type
of diarrhoea that occurs in athletes who have collapsed. '"
Pancreatic function has not been srudied closely, but
it would appear that exercise decreases pancreatic out-
put in response to food and stimulatOry hormones.:·
Endocrine pancreatic function is also affected by exer-
cise; insulin secretion decreases in response to a falling
blood glucose concentration associated with increased
effort. As might be expected, glucagon concentrations
conversely increase. Serum gastrin, motilin and vaso-
active intestinal polypeptide (VIP) concentrations have
also been shown to increase with exercise." The physio-
logical role of these changes is not yet clear.
Finally, there appears to be a correlation between the
amount of exercise taken and colonic cancer. In a srudy
comparing sedemary workers with those with active
physical employment, it was found that those who had
worked at a desk for over 20 years had twice the inci-
dence of colonic cancers compared with physically
active workers."
In the management of patiems complaining of
gastro-intestinal symptOms caused by exercise, it is pru-
dent to remember that conventional diagnoses are more
likely to be correct than esoteric conditions associated
with exercise. Symptoms of the irritable bowel syn-
drome often appear during exercise. In fact the physio-
logical changes discussed above may exacerbate an
underlying irritable bowel problem. Some unforrunate
athletes may be forced to give up their sport becau e of
uncontrollable symptOms during exercise.
Carbohydrate intOlerances may account for some of
the symptoms athletes experience. A reduced milk
intake may bring about a dramatic improvement in
some athletes with presumed lactose intOlerance. Starch
intolerances responsible for the 'splenic syndrome' may
respond to reduced carbohydrate intake before exercise,
but generally the results of such dietary manipulations
are not rewarding.
Physiology
While the practising physician may most often be con-
sulted about pathological symptoms as ociated with
exercise, the gastro-intestinal tract is e sential for the
provision of fluid, electrolytes and energy for the per-
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formance of strenuous prolonged exercise. Runners
without supplementary energy supplies running at
70% Vo2m" on a treadmill experienced a steady
decrease in blood glucose concentration over 3 hours,
after which time they could exercise no further. The
same volunteers, given supplementary carbohydrates,
performed the same exercise for an extra 30 minutes
and finished the study with near-normal blood glucose
concentrations. '6 This relationship of serum glucose
concentration to exercise performance was again
sho\'m in a study where runners \vith a Starting blood
glucose con'centration of 5,0 mmol/l experienced a
progressive fall in blood glucose level to 3,1 mmol/l
after 170 minutes of exercise, as opposed to volunteers
given supplementary carbohydrate (glucose polymer)
during exercise. These, in fact, had elevated blood glu-
cose concentrations for the duration of the exercise. I'
The practice of taking extra carbohydrate during exer-
cise to get a boost has some support in that serum glu-
cose levels return to normal within 15 minutes of such
supplementation. 18
Fluid balance is as imPOrtant as nutrient provision in
prolonged exercise. During an hour of marathon run-
ning, approximately 60 mmol sodium and 5 mmol
potassium are lost in 1 litre of sweat. This is partly com-
pensated for by the 500 ml of fluid produced by
metabolism; this leaves an eXtra 500 ml to be taken by
the athlete each hour to maintain fluid balance. The rate
of gastric emptying plays a central role. Factors that
affect this include food particle size, osmolality, energy
concentration, intensity of the exercise and the volume
of gastric contents. In a study in dogs that compared the
gastric emprying of fluid, liver chunks and 7 mm
polystyrene spheres respectively, the liver chunks were
shown to be emptied over a 4-hour period. The
polystyrene spheres remained in the stomach through-
out the study period. 19 This might have been expected as
gastric emptying generally retains particles larger than 2
mm. Solid food ingested during exercise is therefore
liable to remain in the stomach for some time. The over-
all effect of osmolality on gastric emptying is not yet
clear. Increasing carbohydrate concentrations in' the
ingested fluid lead to slower gastric emptying of the vol-
ume ingested, although the amount of carbohydrate
emptied is increased.20 This delay has led to the use of
glucose polymers to increase gastric emptying by lower-
ing the osmolality. Recent evidence has suggested that
carbohydrate polymers and starches may in fact be
hydrolysed before reaching osmoreceptors in the small
bowel. This results in a secondary inhibition of gastric
emptying after' initial rapid emptying. In this regard,
starch may increase osmolality less than the soluble glu-
cose polymers." Equally important is that increased gas-
tric volume can largely compensate for the decrease in
gastric emptying associated with high-osmolality fluids. 20
In theory this would mean that an athlete is able to take
large volumes of a hyperosmolar solution with the sure
knowledge that adequate emptying and absorption of
the carbohydrate will take place. The price may be
abdominal discomfort and bloating. It may therefore be
prudent to advise marathon runners to take a carbohy-
drate concentration of 15% freely in the first 2 hours to
build up a residual gastric volume that \vill increase gas-
tric emptying in spite of the high caloric concentration.
The benefits of increased volume intake have been
shown where increasing volumes ingested resulted in
decreased weight loss during exercise. 22 However, it
must be mentioned that there is a real danger of
hyponatraemia in some athletes at the end of prolonged
marathon races. It seems reasonable to recommend the
ingestion of 500 ml of fluid every hour after the com-
mencement of prolonged exercise. The dangers of tak-
ing large volumes of hypotonic solutions have been well
described." Athletes who collapsed during marathons
with hyponatraemia were generally found to have'in-
gested large volumes of the order of 1,1 lJh. They there-
fore seemed to be suffering from self-induced dilutional
hyponatraemia.23
Amino acid and vitamin supplements have recently
become popular with marathon runners. At present
there is little evidence that these substances either
improve performance or build stamina.
In summary, during exercise the gastro-jntestinal
tract can be responsible for incapacitating symptoms
similar in nature to the irritable bowel syndrome. It
does, however, play an essential role in providing ade-
quate fluid, electrolytes and energy to athletes com-
peting in prolonged events. New insights into gastro-
intestinal physiology and its supportive role in maintain-
ing body homeostasis in the exercising athlete will pro-
vide the basis for improved performance during
endurance events.
REFEREi'lCES
I. Brown SE, Casciari RJ, light RW. Aneria! o":ygen saruration during
meals in patients with severe chronic obsnuctive pulmonary disease.
SouchMedJ 1983; 76: 194-198.
2. Halvorsen FA, Lyng J, Ritland S. Gastrointesrinal bleeding in
marathon runners. Scand J Gasrroencerol 1986; 21: 493-497.
3. Worobetz LJ, Gerrard DF. Gasrrointestina! symptoms during exer-
cise in Enduro athletes: prevalence and speculations on the aetio-
logy. NZ Med J 1985; 98: 644-646.
4. Clausen JP. Effect of physical training on cardiovascular adjust-
ments to exercise in man. Physiol Rev 1977; 57: 779-815.
5. Vamer SF. Effects of exercise and excitement on mesenteric and
renal haemodynamics in conscious unrestrained baboons. Am J
Physio11978; 234: H210-H214.
6. Henderson RD, Marryau G. Characteristics of esophageal pain.
Acca Med Scand (SlIppl) 1981; 664: 49-51.
7. Beaumonr W. Experimencs and Observations on che Gasrric Juice and
che Physiology of Digestion. Plausburgh: F. P. AlIen, 1833.
8. DeYoung YR, Rice HA, Steinhaus AH. Srudies in the physiology of
exercise. Am J Physiol 1931-1932; 99: 52-63.
9. Feldman M, Nixon ]V. Effect of exercise on postprandial gastric
secretion and emptying in humans. J Appl Physiol 1982; 53: 851-
854.
10. Konrurek SJ, Tasler J, Obrulowicz \VI. Effect of exercise on gastroin-
testina! secretions. .JAppl Physio11973; 34: 324-328.
11. Robeu A, Notrham ]I, Nezamis ]E, Phillips JP. Exemon ulcers in
the rar. Dig Dis 1970; 15: 497-507.
12. Sullivan SN. The effect of running on the gasuointestina! n:act. J
Cli" Gasrroencerol1984; 6: 461-465.
13. Harrison RJ, Leeds AR, Bolster t-..TR., Judd PA. Exercise and wheat
bran: effect on whole gut transit. Proe l\'lIrr Soe 1980; 39: 22A.
14. Forgoros RN. 'Runners' trOts': gasn:ointestina! disrurbances in run-
ners.JAMA 1980; 243: 1743-1744.
15. Vena]E, Graham S, Zielezny M, Swanson MK, Barnes RE, Nolan
J. Lifetime occupational exercise and colon cancer. Am J Epidemiol
1985; 122:357-365.
16. Pirnay Fl\1, Lacroix F, l\10sora F, Luyckx A, Lefebvre P. Effect of
glucose ingestion on energy subsITare utilization during prolonged
muscular exercise. ElIrJ Appl Physiol1977; 36: 247-254.
17. Cog"aan AR, Coyle EF. Effect of carbohydrate feedings during high
intensity exercise. J Appl Physio11988; 65: 1703-1709.
18. Cog"aan AR, Coyle EF. Metabolism and performance following car-
bohydrate ingestion late in exercise. Med Sci Spores Exerc 1989; 21:
59-65.
19. Hinder R, Kelly KA. Canine gastric emptying of solids and liquids.
AmJ PhysioI1977; 233: 10335-10340.
20. Cosrill DL, Saltin B. Factors limiting gastric emptying during rest
and exercise. J Appl Physiol1974; 37: 679-683.
21. Noakes TD, Rehrer t-..'1, Maughan RJ. The importance of volume in
regulating gastric emptying. Med Sci Spores Exere 1991; 23: 307-313.
22. Mitchell]B, Voss KW'. The influence of volume of fluid ingested on
gastric emptying and body fluid balance. Med Sci Spores Exere } 990;
22: suppl, S90.
23. Noakes TD, • Torman R], Buck RH, Godlonron J, Stevenson K,
Pinaway D. The incidence of hyponarremia during prolonged ulrra-
endurance exercise. Med Sei Spores Exere 1990; 22: 165·170.
-
